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The Bland-Garland-White syndrome (1), or anomalous ori-
gin of the left coronary artery from the pulmonary artery
(ALCAPA), is a clinical entity characterized by chronically
ischemic, by ontractile and potentially revivable myocar-
dium. Before birth the systemic and pulmonary artery pres-
sures are equal, and there is ante c flow in the anom-
alous artery with saturated blood . Usually there are no
symptoms in the neonatal period because of physiologic
pulmonary hypertension and the still patent dectus arterio-
sus (2) . A few weeks to months after birth, most infants with
this disorder become symptomatic (3) . The balance between
the speed of closure of the ductus, maintaining the pulmo-
nary and the speed of development of preex-
isting collateral circulation between the right and left coro-
nary arteries will determine the extent of myocardial
necrosis of the left ventricle. When collateral vessel devel-
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opment has taken place, the collateral circulation-
dependent area of the left ventricle remains chronically
unde tfused, which results in a variable degree of hypo-
kinesia. On revascularization, myocardial function recovers,
and clinical outcome in surgically treated patients is excel-
lent (4,5) .
Histologic studies of the myocardium of patients with
ALCAPA syndrome are scarce and show variable amounts
of fibrosis, with viable portions showing vacuolization of the
myocytes (5) . Ultrastructural evaluation of this chronically
hypoperfused myocardium and assessment of subcellular
organelles has never been done because material obtained
after death is not suitable for such studies . However, intra-
operatively obtained bijpsy specimens, allow electron
microscopic evaluation, providing information about the
possible adaptive myocardial structural changes before re-
vascularization. The aim of this study was to examine the
morphologic correlates of chronically underperfused myo-
cardium in patients with ALCAPA syndrome .
Methods
Patients . Five patients with ALCAPA syndrome under-
went revascularization between 1980 and 1983 . Their ages
ranged from 0.4 to 13 .8 years (Table 1). Recently, five
patients with an atrial septal defect served as age-matched
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Table 1 . Preoperative and Postoperative Left Ventricular Functional Variables
control subjects. Their ages ranged from 5 to 20 years
(median 7 ys). Preoperatively, a clinical examination, elec-
trocardiogram (ECG), chest radiograph, echocardiograms,
coronary and left ventricular angiograms were performed
routinely in all patients . Myocardial thallium scintigraphy
was performed in two patients with ALCAPA syndrome .
Surgical revascularization . The left main coronary artery
was reimplanted in the aorta in four patients with ALCAPA
syndrome (with resection of an apical aneurysm in one), and
one patient had coronary artery bypass surgery with inter-
position of a venous graft to the left anterior descending
coronary artery after ligation of the ostium of the left main
coronary artery . The atria[ septal defect was closed in the
age-matched coatrol subjects
. Two intraoperative trans-
mural needle biopsy specimens (Tru-Cut biopsy needle,
Travenol Laboratories), -1 .5 mm in diameter and 1 to
1 .5 cm in length were obtained from the anterior free wall
perfused by the left anterior descending coronary artery
during cardiopulmonary bypass in all patients . The biopsy
specimens were taken from macroscopically intact myocar-
dium. Visible scar tissue was present in only one of the
patients with ALCAPA syndrome and was located at the
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ALCAPA = anomalous left coronary artery from the pulmonary artery
: AWM = anterior wall motion (normal range 43% to 71%) ; ECG = electrocardiogram ;
EF left ventricular ejection fraction
: LA = left atria] ; LCA = left coronary artery ; LV = left ventricle or left ventricular
; LVH = left ventricular hypertrophy ;
MR mitral regurgitation ; Pt = patient
; RCA = right coronary artery ; RV = right ventricle .
apex. A localized resection of this area was performed, and
the resected material was discarded . In the early 1980s, a
local institutional human research review committee did not
exist. However, consent was obtained from the responsible
guardian or guardians of the patients with ALCAPA syn-
drome
Histologic study . The biopsy specimens were divided into
subepicardium and subendocardium and then fixed in 3%
glutaraldehyde buffered to pH 7.4 with 0
.09 mol/liter of
potassium oxalate for use in light and electron microscopic
studies . The degree of myocardial fibrosis was determined
on 2-gm thick toluidine blue-stained sections using a 10-ml
grid containing 64 cross-points . Periodic acid-Schiff staining
was used to show the presence of glycogen . The volume
fraction of fibrosis was determined in three to six sections
per specimen and expressed as mean value ± SD
. For
electron microscopic examination, a Phillips EM 300 micro-
scope was used .
Follow-up
. Postoperative follow-up occurred at regular
intervals (3 to 6 months initially and later yearly), when
physical examination, chest radiograph, ECG and echocar-
diograms were routinely performed .
Pt No .
(Age [yr]) Clinical Investigation
Preoperative Result Follow-Up
Postoperative Result
1(0.4) FCC Anterolateral infarction
3 mo Healed infarction
Coronary angiography ALCAPA, collateral circulation between RCA and LCA
LV angiography EF 18%, AWM 20%
Echocardiography LV dilation, apical aneurysma, hyperdynamic RV 3 mo
Hypokinetic, dilated LV cavity
3 yr, 7 yr Normal LV
2 (0.7) ECG Anterolateral infarction
3 mo Healed infarction
Coronary angiography ALCAPA, collateral circulation between RCA and LCA
LV angiography EF 29%, AWM 20%
Echocardiography LV hypertrophy, MR, paradoxic septal movement 3 mo Hypokinetic, dilated LV cavity, MR
I yr, 7 yr Normal LV, MR, EF 45%
3 (2 .3) ECG Signs of LVH and LA dilation, anterolateral infarction 3 me
Anterolateral ischemia
Coronary angiography ALCAPA, extensive collateral circulation between RCA
and LCA
LV angiography EF 56%, AWM 49%,
Echocardiography LV hypertrophy and hypokinesia 3 mo, 3 yr Normokinetic LV
4(9 .2) ECG High lateral infraction 2 mo Healed infarction
Coronary angiography ALCAPA, collateral circulation between RCA and LCA
LV angiography EF 39%, AWM 42%
Echocardiography
Hypokinctic, dilated LV cavity 2 ino, 3 yr, Normokinetic LV
8 yr EF 52%
Thallium scintigraphy Homogeneous perfusion of myocardium, dilated LV cavity
5(13
.8) ECG Anterolateral infarction 2 mo Healed infarction
Coronary angiography ALCAPA, heavy collateral circulation between the RCA I yr Involuted collateral circulation
and LCA 10 yr Patent venous graft
LV angiography EF 23%, AWM 42%
1 yr EF 56%, AWM 42%
10 yr EF 76%, AWM 50%
Echocardiography
Hypokinetic, dilated LV cavity 2 mo Normokinetic LV
10 yr Normokinetic LV
Thallium scintigraphy Homogeneous perfusion of myocardium, dilated LV cavity I yr
Homogeneous perfusion of myocardium
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Results
Clinical investigations. The results of preoperative and
postoperative clinical investigations are displayed in Table I
'The preoperative chest radiograph showed an enlarged heart
and an increased cardiothoracic ratio in all the patients (63 ±
4% (mean ± SD)). The ECG showed either an anterior or an
anterolateral infarction . Cardiac catheterization showed ex-
tensive collateral circulation filling the left anterior descend-
ing coronary artery retrograde, with faint opacification of the
main pulmonary artery. The mean pulmonary artery pres-
sure was increased (30 ± 3mm Hg), and puimoqary oxygen
saturation was 80 ± 3% . In all patients the left ventricle was
dilated and hypokinetic, with a low ejection fraction (33 ±
19%) and low anterior wall motion (35 ± 14%, normal range
43% to 71%). All five patients with an atrial septa( defect had
normal coronary arteries and a normocontractile left ventricle .
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U,'gure 1 . Ultrastructure of nor-
mal myocytes obtained from an
age-matched control subject
with an atrial septal defect . My-
ocytes are packed with regu-
larly arranged rows of sarcom-
eres (s) and mitochondria (m) .
x 15,000, reduced by 35% .
Postoperatively the cardiothoracic ratio was normalized
within 3 months in four patients . The ECG showed signs of
healed infarction. In three patients echocardiographic fol-
low-up showed a normokinetic left ventricle within 3 months
after revascularization . Within I to 3 years, the left ventricle
in all patients was normokinetic, with normal dimensions.
One patient underwent coronary and left ventricular angiog-
raphy I year later that showed a patent venous graft and
involuted collateral circulation between the left and right
coronary arteries. Furthermore, ejection fraction and seg-
mental wall motion were completely normal . The same
patient underwent cardiac catheterization 10 years later that
showed further improved function (ejection fraction 76%,
anterior wall motion 50%) .
Histologic study. Light microscopy . The biopsy speci-
mens were divided into stinepicardium and subendocardium .
JACC Vol . 23, No. 3
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Figure 2, Light microscopy as inset
showing normal myocytes and al-
tered myocytes with some loss of
sarcomeres (s) . )(680, reduced by
25%. The ultrastructure of one of
the "altered" myocytes shows myo-
fibrillar lysis, especially in the peri-
nuclear zone . There are numerous
small mitochondria (m) and large
amounts of glycogen, and the nu-
clear (n) membrane shows tortuos-
ities . x8,610, reduced by 35% .
However, the results are given as average values for all
biopsy material obtained in each patient. All biopsy samples
showed areas with normal myocardium and areas with
typically altered myocardial structure . There was a variable
amount of fibrosis as a result of a healed, patchy infarction .
The myocytes were classified as "normal" and "altered"
cells (Fig . 2, inset). The latter had perinuclear reduction of
contractile material, and some cells had only a thin zone of
sarcomeres along the edge of the myocyte (Fig . 3, inset), and
substantial amounts of glycogen . The results of histologic
analysis are shown in Table 2 . The average volume fraction
(± SD) of fibrosis found in the biopsy specimens was 51
±
32%, and the percent of typically altered myocytes was 46 ±
SHWALKAR ET AL .
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26%. In the age-matched control subjects, fibrosis ranged
from 1% to 5% (3 ± 3%), and there were no altered myocytes
(see Fig . 1) .
Electron microscopy . At the ultrastructural level, vari-
able morphologic alterations were observed . Some myo-
cytes showed a substantial volume fraction of myofibriis,
tightly packed rows of mitochondria and a nucleus with
tortuosities of nuclear membrane. There were also cells
showing a greater loss of myofibrils, smaller rounded mito-
chondria, a large accumulation of glycogen, loss of sarco-
plasmic reticulum and nuclear membrane tortuosities (Fig . I
and 2) . Despite these alterations the cells were viable,
showing absence of degenerative characteristics, such as
776
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Table 2. Incidence of Fibrosis and Altered Cells at Time of
Surgical Revascularization
Values presented are mean value ± SD . "a" Cells (%) = altered cells
(number of cells showing myofibrillar lysis expressed as a percent of the total
number of myocytes per section); ALCAPA - anomalous origin of left
coronary artery from pulmonary artery ; ASD = atrial septal defect . Fibrosis
(%) = volume fraction of fibrosis in sections (three to six sections per
patient)
of the biopsy specimen .
cytoplasmic vacuoles, cytosolic edema, mitochondrial swell-
ing, cristae and membrane disruption and accumulation of
secondary lysosomes . A few myocytes nevertheless showed
signs of cellular degeneration with myelin-like whorls, giant
mitochondria with concentrically arranged cristae and nu .
merous lipofuschin inclusions . These changes are not usu .
ally seen in normal myocytes. Figure I shows the ultrastruc .
ture of a biopsy specimen from a control patient with ar
atrial septa( defect.
Discussion
Background. The ALCAPA syndrome is a unique entity
resulting in chronic hypoperfusion of the left ventricle in
survivors. A few weeks to months after birth when pulmo-
nary resistance and pressure decrease, hypoxia ensues,
giving rise to a variable degree of myocardial necrosis . The
extent of necrosis depends on the presence of preexisting
collateral vessels, and although extensive collateral circula-
tion develops between the right and left coronary arteries,
the conductance of a well developed collateral circulation
reaches only one third that of a native artery (6). Cardiac
catheterization in the five patients with ALCAPA syndrome
presented here revealed an extensive network of collateral
circulation between the right and left coronary arteries . The
Figure 3. Light microscopy as In-
set showing myocytes with greater
myolysis. There is only a thin zone
of contractile material along the
periphery of the cells . x680, re-
duced by 25% . The ultrastructure
of one of these myocytes shows
severely reduced volume fraction
of sarcomeres. There are only a
few strands of sarcomeres (s) along
the periphery of the cell . The mito-
chondria (m) are very small, and
there is a large amount of glycogen,
with almost no evidence of the
sarcoplasmic reticulum. This cell is
still viable . x9,075, reduced by
35% .
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ALCAMPA ASD
Pt
No . Fibrosis (%)
"a" Cells
(%)
Pt
No . Fibrosis (9c)
"a" Cells
1 87 ± 12 64 ± 55 1 I ± 2 None
2
77 ± 22 41 ± 19 2 I ± 4 None
3 13 ± 1 79 ± 14 3 5 ± 2 None
4 50±24 24±16 4 4±2 None
5
29±9 20±4 5 4±3 None
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anastomosis brought arterial blood into the left coronary
artery, which emptied into the pulmonary artery, causing
coronary insufficiency . In ALCAPA spdwniv left to right
shunting causes continuous hypoperfusion of the left ventri-
cle and, thereby, chronic ischemic dysfunction .
Evidence of hypoperfusion . The preoperative investiga-
tions that were performed in the patients with ALCAPA
syndrome showed a left ventricular ejection fraction of 33 ±
19% and anterior wall motion of 35 ± 14% (normal range
43% to 71%). In our study the older patients had slightly
better wall motion and ejection fraction, extensive collateral
circulation between the right and left coronary arteries ::fled
an appreciable left to right shunt. Askenazi and Was (7), in
their extensive report of 15 patients with ALCAPA syn-
drome showed that only those with an appreciable left to
right shunt survived (7) .
To our knowledge, there have been no studies reporting
the altered myocyte morphology or, in other words, what a
chronically hypoperfused myocyte cooks like - , The nature of
our study (intraoperatively obtained biopsy material from
living patients) obviously imposes sampling limitations .
Light microscopy of the biopsy material of the patients with
ALCAPA syndrome revealed variable fibrosis of the myo-
cardium with specific alterations in the myocytes . There was
loss of contractile material in a significant number of myo-
cytes, and in some there was only a thin zone of marginally
arranged sarcomeres . There were substantial amounts of
glycogen and small mitochondria, and other vital cellular
components (e.g ., nucleus, mitochondrial cell membranes)
were viable. To obtain age-matched control subjects, we
took two intraoperative biopsy specimens from the anterior
wall of five patients with an atrial septal defect (type II)
undergoing correction for atrial septal defect . These patients
had normal coronary arteries and a normocontractile left
ventricle . Histologic analysis of the biopsy specimens re-
vealed 1% to 5% fibrosis and myocytes with normal mor-
phology. None of the cells analyzed showed any of the
previously described changes .
Outcome of revascularization . Moodie et al. (8) showed
postoperatively that patients with ALCAPA syndrome be-
came asymptomatic and had improved New York Heart
Association functional class . Also, stress ECG and thallium
study showed no evidence of ischemia . Furthermore, ejec-
tion fraction improved by ±20% in all patients, and within
?3 years the right coronary artery was of normal size . with
markedly involuted collateral vessels (8) . In our own study
echocardiography showed that in three of five patients, the
left ventricle was normokinetic within 3 months of revascu-
larization, and within 1 to 3 years it was normokinetic and
had normal dimensions in all the patients, and no patients
had any subjective complaints . The dramatic improvement
in severe regional left ventricular dysfunction after coronary
artery bypass surgery or percutaneous transluminal coro-
nary angioplasty reported in many studies (9-11) is not
always instantaneous, and recovery is variable in timing and
extent.
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Most patients with ALCAPA syndrome die in infancy if
no surgical correction is provided . Surgical correction meth-
ods inclWe simple ligation of the left coronary ostium in the
pulmonary artery, reimplantation into the aorta or coronary
artery bypass surgery, whereby a graft is placed between the
aorta and the left anterior descending coronary artery after
ligation of the ostium of the left main coronary artery . These
methods certainly provide relief by reducing the "steal
effect ." In simple ligation, however, there is no anterograde
blood flow
. A few patients do reach adulthood showing only
occasional exertional angina or palpitation
. Sudden death
may be the first and only sign of this syndrome . In a situation
of chronic hypoperfusion, survival will depend on the ability
of the cells to protect themselves and perhaps adapt func-
tionally and possibly structurally
. It has been suggested that
prolonged hypoperfusion could give rise to a delayed sub-
cellular adaptive response (12) . Such a structural adaptation
could explain why there is no immediate recovery of func-
tion on revascularization . One could speculate that days to
weeks would be required before the normal contractile
machinery could be rebuilt .
Conclusions. The ALCAPA syndrome is an example of
chronically hypoperfused myocardium . One drawback of
our study is that we do not have enough postoperative
angiographic data to perform statistical analysis showing a
definite improvement in function . All five patients with
ALCAPA syndrome nevertheless had echocardiographic
follow-up at various stages after surgical correction that
showed normal regional contractility of the previously
hypocontractile anterior wall . Furthermore, the beneficial
effect of surgical correction is also reflected in the 100%
event-free survival rate 10 years later . Finally, histologic
study revealed viable myocytes with some morphologic
alterations that might be interpreted as structural adaptation
to chronic ischemia .
We thank Fred Thond for assistance with electron microscopy .
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